As part of a study of the epidemiology of diabetes mellitus in middle-aged Swedish men, the present paper reports the prevalence and incidence of diabetes and the prevalence of impaired glucose tolerance. Two cohorts of 50-yearold men, representative of the corresponding male population of Gothenburg, Sweden, were examined in 1963 and 1973, respectively, and then followed until 1980. In the cohort of men born in 1913 (n = 855) the diabetes prevalence (WHO criteria), based on a questionnaire and fasting blood glucose, increased from 1.5% at age 50 to 7.6% at age 67. In the cohort of men born in 1923 (n =226) the prevalence was 3.7% at age 50 and 4.0% at age 57. The overall prevalence of diabetes and impaired glucose tolerance was 25% among men born in 1913 (age 67) and 18% among men born in 1923 (age 57). The cumulative risk of developing diabetes from age 50 to 67 was 7.8%. Variables associated with impaired glucose tolerance and newly found diabetes, when degree of obesity was considered, were systolic blood pressure and triglycerides, well known risk factors for both coronary heart disease and diabetes. Uric acid, fasting insulin and glutamic puruvic transaminase, recently discussed as possible risk factors, were also associated with impaired glucose tolerance and newly found diabetes. Thus, both impaired glucose tolerance and newly found diabetes were associated with a clustering of risk factors, not only for diabetes but also for coronary heart disease.
During the last 20 years, several studies on the prevalence of diabetes in various ethnic groups and ages of men and women have been published. Reported prevalence ranges from 0.02% [1, 2] to about 40-50% [3, 4] . The highest prevalence has been found in populations that, during one or a few generations, changed their lifestyle fundamentally; i.e. a change in food habits in combination with less physical activity. By such a new lifestyle an earlier hidden, genetic tendency for diabetes seems to have been unmasked [5] .
Incidence studies on diabetes in whole populations or representative subsamples [6] [7] [8] [9] [10] [11] are few compared to the number of prevalence studies.
Incidence studies (i.e. prospective studies) are more effective than prevalence studies when trying to find risk factors or etiological factors for the development of diabetes [12] .
As part of a prospective population study of two cohorts of middle-aged men, the prevalence, incidence, type of treatment and duration of diabetes is presented. Traditional risk factors for coronary heart disease and proposed risk factors for diabetes are analysed in relation to degree of glucose intolerance.
Subjects and methods

Subjects
The cross-sectional study
The cohort born in 1913. In 1963 a sample consisting of all men born in 1913 on a date divisible by 3, still alive at age 50 and living in the city of Gothenburg was drawn from the population register of the city, which by law must be kept up to date. A total of 973 men met these criteria; of these, 855 (88%) men agreed to be examined (Fig. 1) . The population has been described in detail elsewhere [13] .
In 1967, at 54 years of age, those examined in 1963 were invited to a re-examination in which 792 men (95% of those still alive) participated.
In 1973 a new sample of 945 men born in 1913 was drawn from the general population using the same criteria as in 1963. Of the 1973 sample 787 (83%) agreed to be examined [14] .
In 1980 a third sample of 817 men was selected in the same manner and 644 (79%) were examined.
The cohort born in 1923.
In 1973 a sample consisting of all men born in 1923 on the 3rd, 15th or 27th day of each month, and living in the city, was drawn from the general population of Gothenburg. Of the 292 men sampled 226 (77%) participated in the examination [14] ( Fig. 1) . In 1980 a new sample was drawn from the general population in the same manner as in 1973. Of the 256 men fulfilling the criteria, 175 (68%) were examined.
Although new samples were drawn from the general population for the cross-sectional studies in 1963, 1973 and 1980 the majority of men participating were the same from examination to examination.
The longitudinal study
The cohort born in 1913 and initially examined in 1963 was followed up by re-examinations in 1967, 1973 and 1980 (Fig.2) . In 1967, 792 (95% of those still alive) were re-examined. In 1973, 718 (94% of those still alive) were re-examined. In 1980, 580 (84% of those participating in 1963 and still alive) were followed up.
The cohort born in 1923 and initially examined in 1973 was followed up in 1980. Of those still alive 164 (76%) were re-examined (Fig. 2) .
The non-participants
The cohort born in 1913. In 1963, 118 men did not participate in the study. An analysis of this group, including home visits to 40 men, was done [15] . Variables relating to diabetes were, however, not included in that protocol.
In order to find men who had developed diabetes and died between two examinations, medical records for those who died during follow-up (n =164) were scrutinized. Only one man with diabetes who had been missed by the cross-sectional examinations was found.
In 1980, 173 men (21%) dot not participate in the cross-sectional examination. Of these, 22 men died after sampling but before the examination and 3 men had moved out of town. Five men were chronically hospitalized because of alcoholic or psychiatric diseases. A telephone interview was done with 105 (73%) of the remaining. Nine (8.9%) of them stated they had diabetes.
The cohort born in 1923. In 1980, 81 (32%) did not participate in the cross-sectional examination. Of these, 50 men (62%) were interviewed by telephone. Three (6%) of these stated they had diabetes.
Methods
Anthropometry
Body weight and height were measured at all examinations with the subjects wearing undershorts only. Body weight was measured to the nearest 0.1 kg on a lever balance. Height was measured barefoot to the nearest 1 cm [14] .
Body composition was measured at the examination in 1973 and 1980 and was calculated from total body potassium data and body weight. Body fat was calculated by substracting lean body mass (whole body without adipose tissue mass) from total body weight [14] .
Blood pressure was measured at all examinations in the right arm, as casual blood pressure in the seated position after 5 min rest, using a mercury sphygmomanometer with a cuff size of 12 x 23 cm. Oral glucose tolerance test. In 1973 an oral glucose tolerance test of 100 g was performed in random subsamples of the men born in 1913 (born on the 6th day of each month) (n = 57) and the men born in 1923 (born on the 3rd day of each month) (n = 52).
In 1980 an oral glucose tolerance test of 100 g was performed in 599 (93%) of the men born in 1913 with determination of glucose at zero, 1 h and 2 h after loading. A tolerance test of 100 g, instead of 75 g, as recommended by the WHO [16] and the National Diabetes Data Group [17] was performed in order to use the same method as in the examination in 1973. Among the remaining 45 men not participating in the glucose tolerance test, there were 12 diabetic patients. Diabetes status was therefore known for 611 men (95%). An oral glucose tolerance test was also performed in the same way in 164 (94%) of the men born in 1923.
Blood chemistry. In 1963, 1967 and 1973 fasting blood glucose was determined using the same method. Venous whole blood was taken from an antecubital vein, immediately deproteinized by perchloric acid and analyzed by use of glucose oxidase, peroxidase and O-dianisidine (Reagent from AB Kabi, Stockholm, Sweden) [18] . In 1980, fasting blood glucose was determined by a glucose oxidase method with phenol and 4-amino-phenzone as colour reagent using a Greiner Selective Analyzer (GSA II).
In 1980 biochemical standard methods were used for serum analyses of cholesterol, triglycerides, uric acid, glutamic oxaloacetic transaminase, glutamic pyruvic transaminase and bilirubin. Serum insulin was determined by a double antibody method using a commercially available radioimmunoassay kit (Pharmacia, Uppsala, Sweden).
Glucosuria was tested with urine dip-sticks (Clinistix) after 6-8h of fasting.
The following definitions of glucose tolerance were used: 
Statistical analysis
The chi-square test was used to test differences in diabetes prevalence between the cohorts born in 1913 and 1923.
In the cohort born in 1913 the reference group, the group with impaired glucose tolerance and the newly found diabetic patients can be regarded as different degrees of glucose intolerance. When regarding previously known diabetic patients as a special group also a time dimension is added, giving a possibility to study complications of diabetes over time in a cross-sectional study. Therefore, trends over the groups were tested. One step included the reference group, the group with impaired glucose tolerance and the group with newly detected diabetic patients. The second step included the group with newly detected diabetic patients and the group with previously known diabetic patients. Pitman's permutation test was used for tests of significance, both as trend test in univariate and bivariate analyses. This is a non-parametric test for both simple correlation and multivariate analysis [19] . The life table curve was constructed by the Kaplan-Meier method [20] . A p value less than 0.05 was considered as statistically significant.
Results
Prevalence of diabetes mellitus
The prevalence of diabetes mellitus by age in both cohorts is presented in Figure 3 . At age 50, 1.5% (95% confidence limits 1.1-2.3) of those born in 1913 had diabetes and at age 67 the prevalence was 7.6% (5.6-9.6) based on questionnaire and fasting blood glucose. At age 60 an oral glucose tolerance test was performed in a subsample of men (n = 57) but no further diabetic patients were found. At age 67 a pathological oral glucose tolerance test was found in another 3.2% (1.8-4.6), classifying them as new diabetic patients.
In the cohort born in 1923 the prevalence of diabetes at age 50 was 3.7% (1.2-6.2). There was no significant difference in prevalence at this age compared to those born in 1913. At age 57 a diabetes prevalence of 4.0% (1.1-6.9) was found which was similar to the prevalence (5.7%) found in 60-year-old men in the cohort born in 1913. Furthermore, at age 57 a pathological oral glucose tolerance test was found in 2.4% (0.1-4.7), fulfilling the criteria for diabetes.
Prevalence of impaired glucose tolerance
In 1980, a group with impaired glucose tolerance was identified by an oral glucose tolerance test. Among the 67-year-old men 14.2% (11.4-17.0) were classified as having impaired glucose tolerance according to WHO criteria. In the cohort of 57-year-old men, impaired glucose tolerance was found in 11.6% (6.7-16.5). .0 mmol/l. In Figure 5 the distribution of fasting blood glucose in the diabetic patients is presented separately. Among the previously known diabetic patients only 59% (20/34) had an elevated fasting blood glucose (> = 7.0 mmol/1). Those with newly found diabetes were detected by an elevated fasting blood glucose in only 41% (13/32). The rest (19/32, 59%) were identified by a pathological oral glucose tolerance test. The distribution of fasting blood glucose at age 57 (born in 1923), both known and new, were considered together because of small numbers. Only 45% (5/11) of these had a fasting blood glucose > = 7.0 mmol/1.
Glucosuria after an overnight fast was present in 46% (16/35) of those with known diabetes but in only 20% (6/30) of those with newly found diabetes at age 67. In the younger cohort at age 57, 40% (2/5) of those with known diabetes and none of those with newly detected diabetes had glucosuria.
Duration of diabetes was rather short in both cohorts (Table i) . In 1963, among those born in 1913, 75% (6/8) had had diabetes for 10 years or less. In 1980, 69% (25/36) had had the disease up to 10 years and only 8% (3/36) for more than 20 years. In the cohort born in 1923 the same trend was found.
Type of treatment for diabetes is presented in Table 2 .
One-fifth to one-third of the diabetic patients were treated with diet only. The proportion treated with oral agents increased with age. At age 67, 61% (22/36) were treated with oral agents. The same trend was found in the younger cohort, where 60% (3/5) were treated with oral agents at age 57. Only 11% (4/36) were treated with insulin at age 67 and only one man was using insulin at age 57. 
Risk factors for coronary heart disease and diabetes in 67-year-oM men born in 1913 (cross-sectional data)
By means of an oral glucose tolerance test the cohort of 67-year-old men was divided into four subgroups (WHO criteria): those with impaired glucose tolerance, a group with newly found diabetes, a group with previously known diabetes and a reference group with a normal glucose tolerance.
Univariate analysis
There was a significantly increasing trend from the reference group to the group with newly found diabetes for a number of conventional risk factors for both coronary heart disease and diabetes. Not only systolic and diastolic blood pressure (p < 0.001), triglycerides (p < 0.001), body weight (p < 0.001) and body fat (p < 0.001) increased significantly, but also variables recently dis- cussed as possible risk factors like uric acid (p < 0.001), fasting insulin (p < 0.001) and glutamic pyruric transaminase (/7=0.018) (Table3). A negative association was found for physical activity during leisure time (p < 0.001) ( Table 4) . Also between the reference group and the group with impaired glucose tolerance a significant increase (p < 0.05) was found for all these variables except for glutamic pyruvic transaminase. When comparing the groups with newly found and previously known diabetes there was a significantly negative association for insulin at 60 min (p=0.007) and uric acid (t7 <0.001). There was also a positive association for a family history of diabetes (p =0.017).
Treatment for hypertension was common in all subgroups. As hypertensive drugs could affect many of the variables presented, especially blood pressure and uric acid a subdivision into those treated for hypertension and those not treated was made for all four subgroups of glucose tolerance (Table 5 ). For each subgroup blood pressure for those treated for hypertension was higher except for those with newly found diabetes. Also uric acid was increased among those with hypertension, but the trend with increasing uric acid from the reference group to those with newly found diabetes presented in Table 1 remained in this subdivision. Also the negative association for uric acid between newly 
Bivariate analysis
Most risk factors for both coronary heart disease and diabetes are associated with obesity. Therefore, body fat, as a measurement of" obesity, was accounted for in a bivariate analysis. The increasing trend from the reference group to the group with newly found diabetes for both systolic blood pressure (p<0.001), triglycerides (p<0.00a), uric acid (p <0.001), fasting insulin (p <0.001) and glutamic pyruvic transaminase (p < 0.005) remained significant .when body fat was accounted for. When comparing those with newly found diabetes and previously known diabetes the negative trend for uric acid (p <0.001) and insulin at 60 min (p < 0.01) remained significant as well as the positive trend for a family history of diabetes (t7 = 0.029).
Longitudinal data
The cumulative risk of diabetes by age in the cohort born in 1913 is presented in Figure 5 using the life table technique, including not only the survivors but also the diabetic patients who died during follow-up. Cumulative Risk (~) During age 51-67 years 7.8% developed diabetes. The annual incidence for ages 51-60years was 4.3/1000 population and for ages 61-67 years 4.9/1000 population.
Discussion
As expected, a trend towards higher prevalence of diabetes was found among living non-participants than among participants. Many diabetic patients already have a regular medical contact and might therefore be less interested in participating in surveys of this kind. Since diabetic patients have an increased risk of dying from cardiovascular disease [21] , they could also be lost by selective mortality during follow-up.
This trend was found in the present study [22] , where mortality among those having diabetes at baseline was almost doubled during 17 years of follow-up as compared to non-diabetic subjects. This means that those diabetic patients developing the most severe vascular disease have already died and can not be included in our cross-sectional data.
Most earlier Scandinavian studies report prevalence of diabetes from younger ages or several ages considered together [23] [24] [25] . In a prospective Icelandic study of men aged 34-62 years, 1.8% had known diabetes after 7.5 years of follow-up [10] . From another survey of cardiovascular disease in Norway the diabetes prevalence in men aged 35-49 years differed from 5.2/1000 to 10.0/1000 in different counties [26] . In a Swedish cross-sectional study of two cohorts of men the prevalence of diabetes according to a questionnaire was 0.9% at age 50 and increased to 4.8% at age 60. From these cross-sectional data the annual incidence for ages 50-60 was estimated to 3.9/1000 [27] . In a recent Swedish study the prevalence of diabetes for men aged 47-54 years were 1.3% [28] .
There are fewer prospective studies presenting the incidence of diabetes in a population of middle-aged men examined on at least two different occasions [6] [7] [8] [9] [10] [11] . In Table 6 a number of these studies are presented. In the Israel Study [7] the incidence was about twice as high as in the present study, but in the Israel Study the cohort was a mixture of ethnic groups with various genetic and environmental backgrounds resulting in different incidences in the subgroups.
When trying to compare results from different studies, one must be aware that different criteria for diabetes have been used. Since the National Diabetes Data Group criteria were proposed in 1979 and were adopted with some changes by the WHO in 1980 and in 1985 [29] , comparisons have become easier. For example, in the Rochester study report from 1983 [8] revised data were used, i.e. the National Diabetes Data Group criteria were applied, reducing the incidence of diabetes with amost 20% compared to the results with earlier definitions.
In the present study another 14.2% of those aged 67 years and another 11.6% of those aged 57 years were classified as having impaired glucose tolerance according to WHO criteria. When using only medical records, questionnaires or testing for glucosuria there is a risk of underestimating the frequency of the disease [30] . By using both fasting blood glucose and oral glucose tolerance tests the prevalence in 67-year-old men in the present study was doubled compared to using only questionnaire data. With these methodologic Variables associated with impaired glucose tolerance and a newly found diabetes, when degree of obesity was considered, were systolic blood pressure and triglycerides, well known risk factors for both coronary heart disease and diabetes. Uric acid, associated with development of diabetes in the Israel Study [40] , fasting insulin associated with coronary heart disease in the Helsinki Policemen Study [41] , and glutamic pyruvic transaminase associated with development of diabetes in our own longitudinal study (unpublished observations) were also associated with impaired glucose tolerance and/or newly found diabetes in the present study. Among the previously known diabetic patients a decreasing trend for several risk factors was seen, probably reflecting the effect of intervention. A family history of diabetes was, however, more common in this group and is probably explained not only by increased genetic susceptibility for diabetes but also by better information about family history.
The degree of physical activity during leisure time decreased with impairment of glucose tolerance (p < 0.001). This might reflect differences in life style and changing life style in the population would be one way of preventing the development of diabetes. These findings were not confirmed in the Whitehall Study [42] . difficulties in mind the incidence rate in the present study seems to be in accordance with others, taking the increasing risk of diabetes by age into consideration.
We used an oral glucose tolerance test of 100 g and not the 75 g recommended by the WHO and the NDDG. This might to some extent affect the 2-h glucose value [31] . However, in an elderly cohort like ours the difference between 75 g and 100 g seems to be of minor importance [32] . There are other factors, perhaps of greater importance, that also might affect the glucose levels, i.e. differences in body weight both within and between populations. The WHO criteria propose two abnormal glucose values for the clinical diagnosis of diabetes or impaired glucose tolerance. In epidemiological studies, however, this is often difficult to perform and the use of a single abnormal glucose value is therefore accepted [17, 33] .
The possibility to detect groups with an increased risk of coronary heart disease and/or diabetes with a single glucose tolerance test was evaluated in 67-yearold men. Those with impaired glucose tolerance are known to have an excess risk of developing diabetes [34, 35] . Recently, an excess risk of coronary heart disease associated with impaired glucose tolerance had also been discussed [36] [37] [38] . Our cross-sectional data also showed an increased number of risk factors for both diabetes and coronary heart disease in the impaired glucose tolerance as well as among the newly detected diabetic patients. The possibility of a common risk factor or a clustering of risk factors for both diabetes and coronary heart disease has been proposed [39] .
Conclusion
In this study of randomly selected middle-aged men of an urban population, there was a five-fold increase of diabetes from 50 to 67 years of age. Almost all diabetic patients had Type 2 (non-insulin-dependent) diabetes. The majority were treated with oral agents and had suffered from the disease for less than 10 years. Only 59% of those with previously known diabetes and only 41% of those with newly detected diabetes at 67 years of age had an elevated fasting blood glucose indicating that the degree of hyperglycaemia, as expected, was limited in this population based cohort.
When both diabetes and impaired glucose tolerance were considered together, about one-fourth of the men aged 67 and 18% of those aged 57 had an abnormal glucose tolerance according to WHO criteria.
Factors associated with impaired glucose tolerance and newly found diabetes, when degree of obesity was considered, were systolic blood pressure and triglycerides, well known risk factors for both coronary heart disease and diabetes. Uric acid, fasting insulin and glutamic puruvic transaminase, recently discussed as possible risk factors, were also associated with impaired glucose tolerance and/or newly found diabetes. Thus both impaired glucose tolerance and newly found diabetes were associated with a clustering of risk factors not only for diabetes but also for coronary heart disease.
